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EXECUTIVE SUMMARY

OBJECTIVE

The objective of this research by the Human Engineering Laboratory (HEL) was to compare
(irom a human factors point of view) the Simplified Titanium Nylon Improved Conventional
Munitions (ICM) Protective Armored Vest (48 plate} to the USMC M1955 Armored Vest in a
manner which would pinpoint the best features of the two vests.

DISCUSSION

a. The Simplified Titanium Nylon {STN) Armored Vest is constructed with srticulated pivot
shoulder pads {open-shoulder design) nd a fitted waist. The USMC M1955 Armored Vest
(USMC) is a closed-shoulder design (tight fitting neck and arrn opcning) with a loose fitting waist.
The STN provides full torso and pectorial ICM protection. ICM protection of the USMC vest
stops just below the pectorial girdle with conventional ballistic protection around the shoulder
area. The STN is approximately 2.5 pounds lighter than the USMC vest. The STN employs
titanium plates while the USMC vest uses Doron reinforced plastic resin as the main baiiistic
materiai.

Because of the similar ballistic characteristics and dissimilar design characteristics, a
comparison of the two vests oifered ar opportunity to fearn which design characteristics are n.2st
desirable in ICM protective vest. Furthermore, sincs the STN is still in development, this
comparisen offered an opportunity to provide human design inputs to its development. The
comparison also allowed HEL to evaluate test procadures which have evolved under the Five-Year
Technical Plan for Personnel Armor Systems.

b. The vests were compared by means of five procedures: (1) the vests were classified as to
design characteristics, dimensions anc weight; (2) anthropometric measurements were taken of
men with and without the vests and with load-bearing equipment worn over the vests; (3)
measurements were made which show vest-movement characteristics on the body of the wearer
and silhouette characteristics of the wearer, with and without the vest. (Additionstly, men
wearing vest with and without load-bearing aquipment pziticipated in exercises designed to
simulate typical movements made i a tactica: situation): (4} rifle-firing behavior was examined
with the vests plus load-bearing 2quipment; and (5) user acceptancz was estimated from the
comments of 2 consumer panel.

FINDINGS
Several findings tend to complement esch other:

1. Design characteristics, dimensions and weight classification show that while both
vests are produced in three sizes, neither vest has sized vest length or arm openings.

2. Anthropometric m2asurements show that vests cause dramatic increases in the

dimensions of men weaning them, a finding of considerable importance in the design of troop
seats, portals and perhaps even field fortifications.

Preceding page bank ix
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3. The vest-movement characteristics of both vests reduce the total ballistic coverage
afforded the individual in certain postures. The STN is significantly better than the USMC vest in
this regard. The sil.1ouette of the wearer is increased in both vests; however, the USMC vest has a
slightly lower sithouette than the STN. F.xercises show that both vests restrict the individual and
cause discomfort. The point of discomort for the two vests are considerably different (shoulder
and stomach for the STN, neck and un-derarms for the USMC,

4. Dun'ng rifle firing, troops wearing the STN were atle to slew to the target faster than
troops wearing the USMC v<st; however, accuracy of firing was equal. Motion pictures show that
in prone position the shoutder area of the STN bunches. This effect is responsible for the
increased silhouette mentioned «arlier and probably reduces bailistic protection across the top of
the shoulders.

5. The consumer panel found the STN to be superior to the USMC vest. Nevertheless,
several problems regarding the STN were nighlighted by the group; the most frequent complaints
were that the shoulder pads of the STN vest cause binding and discomfort along the sides of the
neck and that the stomach area of the vest binds at the groin.

CONCLUSIONS

a. Present vests usuaily come in three sizes; however, measurements show the length and arm
opening 9§ reither vest are sized. Sizing criteria for thase dimensions should be considerad.

b. Anthropometric measurements show considerable increase ir the gi-th of men wearing
armor and ioad-bearing equipment. In many cases, waist circumference doud!zs when equipment
i worn.

c. While both vests exhibit imovement about the torso of the wearer, the STN moves less
than the LISMC vest. The silhouette of the USMC vest is slightly better than the STN, but the
SN cen easily be improved in this regard. Exercises show that the STN shoulder-pad assembly
ard front length cause the most discomfort and restriction. Problems with the USMC (zrms and
neck) can be associated with the closed-shoulder Gesign of the vest.

d. The shoulder bunching of the STN occurs as 3 resuit of the solid-elastic side-closure
system which inhibits front/rear shearing of the vest.

e. The user acrepts 1~> STN as the better oversll vest, but with gualification. The STN
shoulder area must be improved and the stomach area must a'so be redesigned.

f. The findings cf this evaluatior indicate the open-shoulder/fitied vaist design is superior to
the closec-shoulder/'-ose waist as far as rigid articulated body armor is concerned.
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RECOMMENDATIONS

The STN vest should be modified to improve the areas cited in the investigation. The basic
design of the USM( vest severely restricts modifications, since the vest achieves most of its
stability from the close-fitting neck and arm openings. Increasing these oper.ings without fitting
the waist will only accentuate the aiready unfavorable movement characteristic of the vest.

The STN should be modified as follows:

a. Extend the arm scye iunderarm) area opening by one inch. Future research should
concentrate on arin-opening si¢ing criteria.

b. Shorten the length or rearticulaie the lower front of the STN. Future research
snould provide front-iength sizing criteria.

c. Increased articulation of th2 shoulder-pad assembly should further improve
vest-movement characteristics. Additicnally, providing the option of passing load-bearing

equipment suspenders ur.der the shoulder pad assembly should provide better shouider
articulation.

d. Shoulder bunching can be contained by providing elastic-drawstring side closures
instead of solid-elastic side closures.

xi
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HUMAN FACTOR EVALUATION OF THE USMC M1966 ARMORED VEST AND THE
PROPOSED TITANIUM NYLON IMPROVED CONVENTIONAL MUNITIONS
PROTECTIVE ARMORED VEST (48 PLATE)

INTRODUCTION

This report deals with the results of a series of experiments designed to isolate the most
advantageous features of the Simplified Titanium/Nylon 48-Plate Improved Conventional
Munitions Protective Armored Vest (STN) and the USMC M1856 Doron Fragmentation
Protective Armored Vest (USMC). These two vests were selected because they both provide the
soldier with Improved Conventional Munitions (ICM) ballistic protection. Further, the basic
designs of the two vests differ considerably. Because of these differences, a comparison between
vests offered an opportunity to evaluate the methods used by the U, S. Army Human Engineermg
Laboratory (HEL) to compare candidate armored vests.

To compare the STN and USMC vests; five procedures were used. The first procedure was
classification of design characteristics, weight and dimensions of the vests. The second involved
detailed anthropometric measurements of test subjects with and without combat ensembles
including vests. The third procedure included measuring vest-movement characteristics, silhouette
measurements and collecting subjective measures of comfort, binding and restrictions during
exercises designed to simulate body movements soldiers would use in the field (8). Rifle firing by

troops equipped with the two vests was evaluated using hit/miss, time to fire and photographic

data during the fourth procedure (1). Finally, user acceptance of the two vests was considered
(5)

Twenty-two infantry soldiers (MOS 11 BX and 11 CX) served as subjects. The average age of
the group was 25.4 years (minimum 19 years, maximum 43 years) and the average rank was E-5
(minimum E3, maximum E6). Nineteen of the 22 men had served in Southeast Asia as
infantrymen, :

Subject selection was based on availability, medical restrictions (i.e., no physical profiles)
and MOS. Since random sampling was impossible, certain measures of the group were submitted
to analysis to determine if the group was representative of the Army populatlon

Table 1 shows the results of F tests and t tests for the sample compared to U. S. Army
Infantry and USMC anthropometric data (2). These analyses were conducted on four measures:
stature, weight, chest circumference and waist circumference, It is important to note that the F
and t tests show that the sample used in this evaluation represents a group of men who are larger
than the average soldier or Marine. Further, the sample does not represent the entire distribution
of body sizes found in the U. S, Army or USMC troops.

To further describe the relationship of the sample to U, S. Army Infantry and USMC troops,
the data were organized to present the mean dimensions of individuals wearing a particular vest
size. Table 2 shows this relationship, Of the 19 men measured, three wore the STN size small, 12
the STN medium, and four the STN large. Data for the same men fitted with USMC vest :hows
13 wore the USMC regular, four wore the USMC large, and two wore the USMC extra-large size.
These findings indicate that the medium sizes for both vests were tested over a wider range of
body types than the more extreme sizes.
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CLASSIFICATION
Much can be learned about the two vests by listing physical characteristics (Table 3).

Some generalities about the two vests are evident from Table 3. The USMC vest is
manufactured with small neck and arm openings, while the STN has somewhat larger neck and
arm openings. The USMC vest is loosely fitted at the waist. The STN is fitted closer at the waist.
The front length of both vests is the same, while the STN vest is 2.25 inches longer in the rear.
The shoulder bulk of the USMC vest is slightly less than that of the STN, while the chest and
back bulk of the two vests is equal. The USMC vest is approximately 2.5 pounds heavier than the
STN vest. The two vests are shown in Figure 1.

USMC Armored Vest! - M1955

The USMC Doron vest is of the closed-shoulder design (Fig. 1). The shoulder area, upper
chest and upper back are protected by 12-ply ballistic nylon. A ballistic collar, 3/4 inch high in
the rear, tapers to the front of the neck opening.

The USMC Doron vest is named for the Doron resin-reinforced fiberglass plates which
comprise the main ballistic protection of the device. Twenty-three plates are 1:52d in the regular
size vest. Nineteen plates are contained by cloth pockets in two concentric rings around the
midriff of the vest. Two plates are located across the rear of the vest along a line at a level with
the arm opening. The remaining two plates are located over the heart/lung region of the wearer in
the front of the vest. (Large and X-Large sizes have 25 and 27 plates, respectively.) The plates are
5.25 inches square, approximately 1/8 inch thick, rigid and slightly curved to conform with the
body. The corners of the plates are rounded and the plates overlap to provide thorough
protection.

The vest is closed by a zipper coupled with four snaps located at the midline, down the
front of the vest. Three pockets are located on the front of the vest. Twe of these sre provided
with flaps secured by buttons. The third pocket is small and has no flap. The vest is provided
with a web cord at the right shoulder to assist in rifle firii 19. A web strip with eyelets is provided
at the waist so that equipment can be carr‘ed on the vest.

The vest has been used by Marine Combat Troops throughout the Viet Nam conflict with
reportedly good ballistic protectinn to the user.

The USMC M1955 Doron Vest was developed by an interservice board (3).
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TABLE 3

Physical Characteristics of USMC and STN Vest Configurations

USMC STN
Med Lg XL ‘S Med lg
1. Neck Opn. Circumference 16.5" 18.5" 21.0" 21.0” 23.0" 240"
2. Arm Opn. Circumference  23.5” 23.5" 23.5" 25.0” 25.0" 25.0"
3. Chest In. Circumference 42.25” 46.50" 4850 40.00" 42.50" 47.00”
4. Waist In. Circumference 43.25" 49.00” 52.50"” 41.50" 43.00" 45.0”
5. Front In. Length 17.00” 17.00” 17.00” 17.00" 17.00" 17.00"
6. Back In. Length 19.75" 19.75" 19.75" 22.00" 2200 22.00"
7. Bulk @ Shoulder .9cm .9cm .9cm 1.2cm 1.2cm 1.2cm
8. Bulk @ Chest 4dcm A4cm Adcm Acm 4cm A4cm
9. Bulk @ Back A4cm Acm 4cm 4cm 4cm 4cm
10. Weight in Pounds 10.6 116 12.4 8.0 9.0 9.6
11. Federal Stock Number NA NA NA
< 0 ™
> @ &
< < <
e 2 @
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STN 48-Plate Armored Vest2

The Simplified 48-Plate Titanium/Nylon vest is a ccmposite armor vest consisting of a
ballistic collar, filler of water-repellant, 14-ounce, ballistic nylon and titaniurn plates contained
by a ballistic shell (cover), and shoulder pads, all construcied in an articulated design. The collar
consists of six layers of ballistic nylon covered with a layer of lighter-weight nylon cloth. The
collar height is approximately 2% inches, and can be worn in either the up or down position.

The ballistic filler consists of two plys of 14-ounce water-repelient ballistic nylon. Forty-two
curved, overlapping metal plates, each with slats, are suspended from the outer piy of the filler
by ineans of fabritape looped through each slot and stitchied to the filler. The filler componeat is
stitched to the covers around the entire periphery to prevent migration and bunching. Each plate
has a rubber peripheral-noise atteriuator which separates the plate from surrounding plates.

The ballistic cover forms the shell of the vest and is fabricated from the same ballistic nylon
which provides ar abrasion-resistant surface. The cover has rifle patches sewn to the front
shoulder secticn and to the front shoulder portion of the shoulder pads. These patches are
provided to assist in positioning shoulder-fired weapons when the vest is worn as an outer
garment. Tvo nylon bellow-type pockets with flaps are sewn to the front of the ve: cover and
two grenade hangers are sewn to the cover, above the pockets.

Each of the open-shoulder assemblies is constructed of three plates attached to ballistic
nylon with a foam cushion and covered with the same ballistic material as the vest cover. The
shou!der pads are articulated by means of a hinge-type seam and elastic tapes.

The vest has a Velcro ““touch and close” front closure and incorporates elastic webbing and
restraining straps at the sides. Small eyeleis are located at the bottom inside edge of the cover to
facilitate moisture drainage. The vest is made in small, medium and large sizes.

ANTHROPOMETRIC SURVEY

Various clothing and equipment items cause the soldier’s basic dimensions to extend over an
extremely wide range. To document the changes due to interacting components of battlefield
clothing ensembles, we conducted an anthropometric survey.

The results of the survey show how the separate components interrelate and result in growth
over the nude dimensions. These dimensional increases must be taken into account by equipment

designers when establishing minimum clearances for seat widths, overhead clearance, escape hatch
and door widths,

2'i'he STN was developed by U. S. Army Natick Laboratories under contract with T }?esearch
Institute. (Contract No. DAAG17-67-C-0079). The vest has never been procured or issued to
combat troops in the field.
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Nineteen of the subjects were measured in each of the following seven clothing conditions:
1. Cotton undershorts, a tee shirt and cushion-sole socks.

2. Added to the first condition, fatigue trousers and shirt, a web beit and combat
boots.

3. All of the above, plus load-bearing equipment which included combat suspenders,
pack with one C-ration unit, pistol belt, entrenching tool carrier, canteen with carrier/ccver, two
ammunition pouches with four M-16 rifle magazines each, and first-aid pouch.

4. All of the above, plus the 48-plate titanium ves:.

5. All of the above, without load-bearing equipment.

6. Clothing items from one and two, pius the Marine Corps Doron vest.
7. Clothing items from one, two, three and six.

The top half of a Siber Hegner 2000mm anthropometer was used as a large sliding caliper
when measuring body breadths and depths. These mzasurements were takern to the nearest
millimeter. Body circumferences were measured with a fiber-glass-reinforced cloth measuring tape
which was read to the nearest quarter-inch. The subjecis’ weights were measured on a calibrated
Detecto Model 239 platform scale to the nearest quarter-pound. This scale has a vertical rod
calibrated in inches and quarters and it was used to measure stature and standing ev:: heioht. For
seated measurements a Navy Integrated Anthropometric Device (BUWEPS F/N 64A105H1-1} was
used.

For measurement, the data for each type and size of vest are presented separately so that
sizing system differences are readily apparent. The growth in each dimension due to clothing or
equipment additions are also shown. The distribution of the 19 subjects across the range of vest
sizes is shown in Table 4.

TABLE 4

Distribution of Subjects by Vest Size

Type Small Medium Large Extra Large
Titanium 3 12 4
Marine Corps 13 4 2

The results of the survey are presented in Tables 1A through 24A in the appendix.
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VEST-MOVEMENT CHARACTERISTICS

Nineteen enlisted men served as subjects for the comparison of vest-movement
characteristics. The vests used were small, medium and large U. S. Army Simplified 48-Plate
Titanium/Nylon Vests, and regular, large and extra-large USM.C Doror: Vests. An anthropometric
measuring apparatus was used to make the comparison.

Following the anthropometric measurements described in the anthropometric section,
subjects were required to assume three different postures so that further measurements could be
made. The first posture was a standing position, arms extended to the sides. The second posture
was also standing, arms over head. The third posture was a prone firing position. Primary interest
was in “he amount of vest movement associated with the particular posture. Movement was
measured at a point mid-way along the stomach width dimension {front an- back} and mid-way
along the stomach depth dimension at the side, while the subiect was in the or:ns-up and arms-out
postures. I the prone firing posture, measurements were taken at the mid-line waist high and on
either side. The resting position of the vest was noted in each case while the subject was in a
standing position, arms to the sides. Movement was measured from this resting point. Each
subject was measured in both vests with and without load-bearing equipment.

The data for arms-up and arn:is-out wvere reduced and analyzed, by analysis of variance. The
resuits are prezented in Table 5. As indicated, significant vest and position effects (p <.05, F =
523 &f 1/%: and p < .C1, F = 2.24 ¢i 5/90} were evident. Further, the vest by position
interaction was significant (p < .01, F = §.81 5/90).

The data for arms out, arms-up, and prcne position for the entire sample were plotted to
estimate t'i2 area exposed by ride-up. A first-order approximation was calculi.ted for both vastsin
the three postures (Fig. 2). The data were also organized so as to represent the size of the vests
wcra by 2 given subject, because the sizing systems of the two vests are not similar. The area o*
expasure for the two vests for the prone pcsition by vest size is listed in Table 6. Values zre listed
for vests with and without !oad-bearing equipment.

The findings indicate that the STN wvest rides up less than the USMC vest. This finding has
two implications. First, the STN evidently moves with the body of the wearer, while the USMC
vast moves about the body of the wearer. The torso construction of the two vests is not similar.
The USMC vest tends to be loose fitting at the waist 2nd snug fitting at the shoulder. The STN is
fitted at the waist and loose, as a result of the open-shoulder configuration, arcusv? the pectoral
girdle. The suggestion is that the fitted waist/open-shoulder configuration found in the STN
mgintains position on the body better than the lcose waist/closed-shoulder configuration of the
USMC vest.

The second implication of these findings is related to ballistic protection. Maturally, as the
vest rides up, some area of the body is exposed. Consulting Figure 2, it can be seen that in the
prene position, an estimated 77.13 square inches of body surface is exposed fcr subjects
equipped with the USMC vest, while 54.32 square inches are uncovered with the STN. it would
seem that movement characteristics of the two vests apprecizbly zffect the ballistic protection of
the wearer. This finding alone creates a strong argumen: fcr the latter vest configuration
(open-shoulder/fitted waist).
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The movement characteristics of the two vests are important from yet another point of
view. Sirce the USMC vest is not produced in 2 size small, subjects fitted with smail STN vests
were required to wear size regular USMC vests. The USMC regular vest weighs 10.6 pounds. The
STN size small weighs 8.0 pounds or 19 percent less than the USMC vest. Looking at Table 6, we
see a ride-up area for these men in the prone position of 62.25 square inches USMC and 40.77
square inches for the STN. This can be expressed as a 50 percent increase in movement betwee:!
the two vests. In other words, these soldiers are carrying 2.6 pounds more armor for 21.48 square
inches less coverage when wearing the USMC vest in certain postures. Adding weight while losing
coverage is inefficient, and although this example is for small men, such inefficiency could cost
an infantry company several hundred pounds in load-carrying capability. This inefficiency wouid
be feit when the unit ic being engaged by indirect fire (e.g., men in the prone position) which is
precisely the time the armor is most needed by the troons. The findings presented in Table 5 are
estimates of coverage loss. The Biostereometric Project (Ballistic Research Laboratory and Natick
Laboratories} will accurately measure this phenomenon.

Further, findings indicate that when men stand with arms-up and aims-out, differences in
the movement characteristics of either armor with and without load-bearing equipment are smail
{Fig. 2). A large between-vests difference is evident. There is considerable difference in movement
characteristicz of vests with and without load-bcaring equipment in the prone position.

SHOULDER SILHOUETTE

Subjects and apparatus for shoulder-silhovett: measurements was the same as for the
vest-movement measurements. While the individual was in the prore firing position 2
measurement was iaxen of the highest point of the shoulder area. T::is measurement was taken
for both vests, with and without load-bearing equipment.

The data were reduced and ana'yzed by analysis of variance repeated measures (Table 7).
The significant main effects are subjects ¢© - 5.28 df 18/72, p > .01} and load-bearing eguipment

((l): ’= €.39 df 1/36, p > .05). The vest x L. =. interaction was significant (F = 23.29 df 2/36, p >
.01).

12
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3 TABLE 6

Area Exposed by Vest Ride-Up for STN and USMC Vests

1 With and Without Load-Bearitig Equipment, Prene Position

Vest Size With LBE Without LBE
{Sq. Inches) (Sq. Inches)
Small STN (8 1bs) 40.77 41.36
E Regular USMC {10.5 Ibs) 62.25 77.96
- Medium STN (9 Ibs) 53.44 57.07
4 Regular USMC (10.5 Ibs) 65.49 72.26
Large STN (9.6 Ibs) 59.48 54.78
3 Regular USMC (10.5 Ibs) 85.96 101.91
. Large STN (9.5 Ibs) 74.24 73.38
= Large USMC {(11.6 Ibg) 88.28 79.14
Large STN (9.6 Ibs) 64.80 73.78
Extra Large USMC (32.4 1bs) 115.2 90.18
TABLE 7

ANOVA Table for Simulder Silhouette Data

Source SS df MS F p
1 SSgubjects 21232 18 11.79 5.28 ot
= SS,ests 6.50 2 325 1.45 NS
swe 14.25 1 14.25 6.39 05
Vest x LBE 6761 2 4380 23.29 .01
E Vest x Subjerts 3285 3% 258 1.37 NS
LBE x Subjects 1944 18 1.08 — NS
Vests » Subjects x LBE 68.00 36 1.88 — NS
g Pooled Error 160.88 72 2.23

13
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Several findings resuited from the silhouette measurements. The interaction betweep vest
and load-bearing equipment can be explained to some extent by information presented in t-he
section on rifle firing. Briefly, ir was found that the STN vest exhibited a characteristic bunching

" across the shoulders. This finding is discussed in detail under User Acceptance and Conclusions
and Recommendations. The interaction can be attributed to shoulder bunching, which wvas
observed in nine out of 10 men wearing the STN.

The mean profile height for subjects equipped with load-bearing equipment is 13.21 inches.
This value decreased to 228 inches when load-bearing equipment is removed (a difference of
.93 inches). This value represents the difference in shoulder protile which cculd be expected of
soldiers in the prone fighting position with and without load-bearing equipment. If the same men
were to throw off the load-bearing equipment, but retain either of the vests, their shoulder
profile would decrease by approximately half an inch for STN and .17 inches for the USMC vest.
However, if the vest was configured so that the individual could jettison both lcad-bearing
equipment and vest, the shoulder profile would be decreased by 2.72 inches for the STN and by
2.23 inches for the USMC vest. Bearing in mind that neither of these vests are bullet-proof but
are designed 1o provide fragment protection, it is easy to see that in combat the soldier may wish
to rid himseif of his gear to provide betier mobility, better concealment or simply a smaller target
for the enemy rifleman. In terms of area, the increased shoulder silhouette as seen from straight
ahead of the shooter is estimated to be 52 square inches for the STN and 43.91 square inches for
the USMC configuration. This area has no ballistic importance; however, from a systems’s point
of view, the size of the target area of a soldier is very important. Since the image presented to the
eye decreases by half when the distance to the object doubles, at some point of range the
increased target area woulC assist the enemy in target detection.

Further anaiysis of these results show that load-bearing equipment increases shoulder profile
by approximately seven percent of the mean shoulder profile. The two vests cause approximately
eight percent more increase or a total increase of approximately 15 percent. Finslly, the STN and
USMC vests with Icad-bearing equipment present an increase of 19 percent and 15 percent
respectively.

This informaticn supports an argument for incorporating load-carrying equipment into body
armor. The USMC vest does have provision 10 carry some equipment attached to the web belt
about the waist of the vest, but because of the loose-fitting waist, equipment carried there is
unstable. These findings are based on standard load-bearing equipment worn over the vest.

14
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* 711iC EXERCISE

Fifteen U. S. Army enlisted men served as subjects for the static 2xercise. They wore small,

t.123jum and large sizes of the STN armored ests and regufar, large and X-large sizes of the USMC
L :»on anmored vests.

Subjects were tester! in four conditions. Each wcre both STN and USMC vests, with and
v1i hout load-bearing equipment. The tes: protacs! consisted of exercises suggesied by (IITRI).
2 exnicises were completed in standing, seated anc crouching positions:

Basic Position
The test subject stands erect «i:h his feet 1ogether and his arms hang relaxed at his

Position |

Subject stands erect, feet together, srms extended out horizontally from the sides
>f thz torso with the palms of the hands faring the floor. Thus, a single straight line will connect
the fingertips of the right and lzft hands.

Position If
Subject stands erect, feet together, with arms crossed horizontally in front of body.
Position 111

Subject stands erect, feex togziiscr, arms extend hurizontally backwards to the limit
of their movement in this direction. The position is attained by swinging the arms in a horizontal
plane {at the shoulder level) as though atternpii:»¢ to make th= “ands meet behind the body.

Position IV

Subject stands erect, foet together, arms raised vertically upwards, with the palms of
the hands facing each other and in contect.

Position V

Subject stands with feet 1u:ether and knees locked in  straight, vertical position.
The thoracic cage is flexed forward by pivesing shout the hin jo:::: and bending the lumbo-secral
spine. Arms are extended out to the sides as in Positio !.

Poziticn: V!

Subject stands with feet together and knees locked in a straight, vertical position.
The thoracic cage is flexed backward by pivoting about the hip joint and bending the
lumbo-sacral spine. Arms are extended out to the sides as in Position |.

15
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Paosition VI|

Subject stands with feet together and knees locked in a straight, vertical position.
The thoracic cage is flexed to the side by bending the lumbo-sacral spine and arms are extended
out to the sides as in Position |,

Position VIl
Subject stands with feet together and knees and hips locked in a straight, vertig:al
position. The thoracic cage is rotated (about the vertical axis of the body) to the side by rotating
the lumbo-sacral spine. Arms are extended out to the side as in Position I.

Subjects performed the exercises and reported any binding or restricted movement they felt
resulted from the body armor. Their comments were recorded in brief with emphasis on both
body area and/or aspect of the vest involved in the reported interaction, Only subjects who could
be properly fitted in both vests were used in this exercise.

Binding and restriction were reported in nine definable phrases. These terms were used by
subjects and not dictated by the experimenter. Only those responses which were recorded for at
least five of the 15 subjects are presented in Tables 8, 9, 10 and 11. Table 12 through 15 present
the total number of reported interactions for each condition.

During the static exercises the following problem areas were identified.

STN Vest
Shoulder-Neck Interaction
When the subject raises his arms overhead, or crosses the extended arms in front of the
torso, the articulated shoulder plate (Fig. 3) drives into the collar, causing binding along the sides

of the neck area. This effect is more pronounced when load-carrying gear is worn. Furtl.er, the
effect is most evident in the seated and crouching positions.

Stomach-Plate Lock

When the subject bends at the waist in the standing, seated and crouching positions,
the stomach plates evidently lock, causing binding about the waist.

Axillary Binding
When the individual reaches from side to side in the standing, seated or crouching

position, the thick seam under the arm causes binding.

USMC Doron Vest

Shoulder-Neck (Fig. 4)

When the subject raises his arms overhead, or crosses them in front of the torso, the
nylon material tunches at the top of the shoulder. This bunching occurs because the vest tends to
ride up and thus cause the collar to bind at the front of the neck.

16
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TABLE 8

Exercise Interactions, Subjects Equipped With STN

Without LBE
Standing Sitting Crouching
Bend lower plates lower plates lower plates
Forward stomach bind 8/15 stomach bind 10/15 stomach bind 10/15
Bend
Rear
Bend
Sides
Rotate lower plates
stomach bind 6/15
Front shoulder epaulet as sy. same as standing same as standing
Cross top of shoulders and 10/15 10/15
sides of neck 6/15
Overhead same as above same as standing
front of neck 9/15
collar assembly 5/15
Sides
Backwards

17
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TABLE 9
Exercise Interactions, Subjects Equipped With STN
With LBE
Standing Sitting Crouching

Bend
Forward

Bend
Rear

Bend
Sides

Rotate

Front
Cross

Overhead

Sides

Backwards

underarms 5/15
heavy seam

shoulder epaulet 6/15
assy.
top of shoulder

shoulder epaulet assy.
and collar assy. 8/15
top of shoulder 6/15
+ shoulders and neck

top of shoulders 6/15

stomach bind 6/15
lower plates

same as standing 7/15

shoulder epaulet 9/15
assy.
shoulders and neck

same as standing 8/15
6/15

same as standing 5/16

same as standing 7/15

underarms 5/15
heavy seam

same as sitting  8/15

same as sitting  5/15
and standing

18
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TABLE 10

Exercise Interactions, Subjects Equipped With USMC
Armored Vest Without LBE

Standing

Sitting

Crouching

Bend
Forward

Bend
Rear

Bend
Sides

Rotate

Front
Cross

Overhead

Sides

Backwards

underarms seams 8/15

fro;t of neck 6/15
collar assembly

front of neck
coliar assembly

front of neck 8/15

front of neck 7/15

front of neck 5/15

same as standing 6/15

top of shoulder 5/15
front of neck 5/15

front of neck 6/15

same as sitting  7/15

same as sitting 8/15
same as standing 7/15
and sitting

front of neck  5/15

front of neck 5/15

Wk e A
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TABLE 11

Exercise Interactions, Subjects Equipped With
USMC Armored Vest Without LBE

Standing Sitting Crouching
Bend coliar assy. 5/15 same as standing 8/15 same as standing 6/15
Forward front of neck and sitting
Bend
Rear
Bend armpits 5/15
Sides
Rotate frontof neck  5/15
Front armpits 6/15 top of shoulders 6/15 same as sitting  5/15
Cross top of shoulders
Overhead tep of shoulders 9/15 shouldersand  7/15 same as sitting  6/15
neck and front 5/15
of neck
: Sides
Backwards frontof neck  6/15
collar assy.
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TABLE 12

Overall Interaction Reports SN With LBE

Standing Sitting Crouching
Bend Forward 8 14 8
Bend Rear 1 1
Bend Sides 6 10 7
Rotate 6 13 9
21 37 25
Front Cross 15 14 1
Overhead 15 15 11
Sides 7 7 4
Backwards 10 8 5
47 44 32
68 81 57
TABLE 13
Overall Interaction Reports STN Without LBE
Standing Sitting Crouching
Bend Forward 9 15 1"
Bend Rear
Bend Sides 2 5 6
Rotate 4 13 10
15 33 27
Front Cross 10 14 13
Overhead 15 15 15
Sides 7 6 5
Backwards 5 4 4
37 39 37
52 72 64
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TABLE 14

Overall Interaction Reports USMC With LBE

Standing Sitting Crouching-

Bend Forward 10 14 13
3 Bend Rear 2 3 4
3 Bend Sides 4 10 9
Rotate 5 14 12
3 2 4a__ 38 __
Front Cross 13 14 13
3 Overhead 13 15 14
g Sides 10 10 6
4 Backwards 8 10 8
44 49 41
=
TABLE 15
3 Overall Interaction Reports USMC Without LBE
4 Standing Sitting Crouching
Bend Forward 7 14 13
;_ Bend Rear 3 2 3
Bend Sides 3 9 7
3 Rotate 4 13 1
17__ 38 3
Front Cross 13 13 14
Overhead 13 14 12
g Sides 6 6 7
Backwards 6 A S
3 38 40 42
55 78 76
22
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Fiy. 3. SHOULDER/NECK INTERACTION STN VEST
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Fig. 4. SHOULDER/NECK iNTERACTION USMC VEST
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Neck
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When the individual bends at the waist in the standing, sitting, or crouching position,
the vest rides up and the collar binds at the front of the neck.

Tables 12 through 15 show the overall number of restrictions reported by subjects during
the exercise. The only large difference between the two vests occurs in the crouching position.
Evidently, the STN caused less overall restriction than the USMC vest. Observation of the tests
indicates that most of this difference is attributable to the arrangement of the plates about the
girth and also to the arm openings of the USMC vest.

Generally, there is an overall difference in the number of reports between wd-carrying
equipment/vest and vest/without load-carrying conditions. As noted in the discussion of ride-up,
there is a good bit of movement for both vesis. Because of this movement, it is logical to assurne
that most of the restrictions occur as a result of movement of the vest to a limiting position
followed by the pressure of the body attempting to push through that limit.

capability into an articulated vest. This capability might take the form of built-in suspenders or
of shoulder pads which allow suspenders to ba passed under the shoulder-pad assembly.

25




RIFLE FIZING

Rifle firing is a basic infantry skill. The soldier must be able to bring fire on the target
effectively. To achieve effective fire, the soldier must be quick and accurate with his basic
weapon, the M16 rifle.

- The following procedure measures hit/miss and time-to-fire data for troops equipped with
the USMC and STN armored vests. Photograplin: data provides a graphic record of the behavior
of the troops during rifle firing in the standing and prone firing positions.

Twenty U. S. Army enlisted infantrymen served as subjects for the rifle-firing test. The
subjects wore small, medium and large Simplified T:tanium/Nylon Armored Vests (STN), and
regular, large anc extra-large USMC Doron Armored Vests, under the standard combat ensemble.
They fired M16 rifles.

An automated pop-up firing range was instrumented to provide hit/miss and time-to-fire
dawa (Fig. 5, 6).

On the first day of testing, a qualification trial was conducted to estimate the subjects’
individual shooting ability. Using M16 rifles, they fired 40 rounds each at five foam-cored
aluminum pop-up targets placed at 3C meters.

The targets were arranged in a 60° arc. To provide a total presentation arc of 120°,
subjects were criented facing the extreme lefthand target for 20 shots and facing the extreme
righthand target for 20 rourds. This arrangement allowed siew time (time required to orient to
the target) to be included in the total time-to-fire measurement. To minimize the effects of target
detection, subjects were toid the presentation order of the individual targets.

Targets were presented in the same sequence at all times. The presentation sequence for left
orientation was 0°, right 6(P, right 15° right 45°, and right 30°. For right orientation it was 0°,
45° left, 15° left, and 30° left. The starting position for each shot was 0°, rifie at the ready
position.

To irsure similar starting position, yellow orientation markers were displayed down range,
behind the target pits of Targets 1 and 5. Additionally, 3 wooden rifie rest was located in front of
the shooter so that he could lower the butt to waist level and rest the muzzie on the rifle rest.
This insured that each target engagement began from the same starting position. The starting
orientations of subjects were alternated so that 10 shooters started the qualification trials
oriented to the left and 10 were oriented to the right. This procedure distributed the effects of
such variables as fatigue, leaming environmental effects and background foliage across both
orientation conditions. Target presentation time was fixed at 1.75 seccnds. While the interval
between target presentations was usually held at & seconds, equipment malfunctions caused
occasional delays. When delays of over one minute occurred, the subject was required to repeat
the cycle of five targets.

After the qualification trial, the hit/miss data were reduced for the 20 shooters. Subjects
were then assigned to one of two vest groups, so that the ability of the two groups was
approximately equal.
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Three days after qualification, the experiment was begun. The procedure required three
days to complete. The experiment was conducted according the same procedures described for
the qualification trial, except that each individual fired from both standing and prone positions,
40 rounds in each position. Ten subjects wore STN personnel armor with standard Army
load-bearing equipment and 10 wore USMC Doron personnel armor with the same load hearing
equipment.

During the experiment, hit/miss and time-to-fire data were collected as described by Corona
et al. (1), and the entire procedure was filmed.

Rifle-firing resuits were analyzed under two headings: standing position and prone position.

Standing Position

The hit/miss data were reduced and subjected to analysis of variance, regcsied measures
across dominant hand/non-domir:ant hand orientation and targets. The results of this analysis
appear 3¢ Table 16. The main effect for targets (F = 6.68 df 4/108, p < .01} was the only
significant rezult,

The tiine-to-fire data were also subjected to analysis of variance repeated measures azross
orien:aticy a:d targets. A review of the Summary Table (Table 17) shows a significant vesty
orientsticn interaction {F = 63 df, p < .001). The components of this interaction are plotted in
Figure 5.

The films were reviewed to provire a behavioral meas:.re of the experiment. This review was
conducted after the data were analyzed. The films do not show any systematic behavior for
subjects equipped with either vest. It was noted, however, that the shoulder cord of the USMC
vest was covered by load-bearing equipment on eight out of 10 of the subjects.

Figure 7 displays the relationship between hit probability by target and time to ficp, Hits
ang time to fire shows a high correlation for the USMC group (r = .85) and a very low negative
cofrelation for the STN group (r=-.13).

The analysis of hit/miss data for qualification triais show there is no significant differcnce in
the shooting ability of the two groups {Table 18).




TABLE 16

Summary of Vest and Control Groups Hit/Miss, Standing Position

Source of Variation

SS df MS F p
Between Subjects 249.75 28
A (Vests) 3.81 z 1.90 NS
Subject within grps 245.94 27 9.10
(error)
Within Subjects 278.20 270
B (Offset) .85 1 85 NS
AB. 6.50 Z 3.25 3.15 NS
B x subj w. grps 27.86 27
(error b)
C (Targets) 3.58 4 2.14 T
AC 3.88 8 .48 f
C x subj w. grps 35.36 19¢ 32 6.68 *
lerror c)
8C 5.38 E 1.89 NS
ABC 8.58 3 82 NS
BC x subj w. grps 195.64 1G5 1.61

(error be)

o ——
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TABLE 17

Summary of Vest X Offset X Target Time to Sire, Standing Fosition

ay

Souise af Vaviation 55 df MS ~ p
Betwoen et .
A (Vaue 1630 1 1630 10.52 p <.01
Subject within giaups 2782 18 .0154
{erro:)
Within Subjec.s
B (O!fset) 0938 1 0038 236 NS
AB 2094 1 .0094
B x subject within groups 5705 16 0317
(error b}
C (Targete) 1748 4 04C6
AC 85026 4 21250 8.07 p <.01
C x subljact wirhin grouns 24280 72 03359
(erro: )
BC 0606 4 D159
ABC 007 4 0017
BC x s11t,'ect within groups 2,97 72 0412
{ersos br:)
TABLE 18
Summary Tahls for Results of Qualification 1 :ials
(Hit/Miss)
T sS df NS F p

SS Treat 121.30 2 80,70

€S Etror 2477, 27 9i 74 66 NS

55 Vota 24eg. 29
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The plot of the vest by orientation interaction (Fig. 6) shows that Target 3 (30° ieft or right
of the shooter) is the point at which the interaction is most clearly seen. In other words, on
Targets 1, 2, 4 and 5, the men equipped with the STN vest fired somewhat faster than the group
wearing the USMC vest. On Target 3, this relationship breaks down. The STN group was slightly
faster when Target 3 appeared to the left, Since the films show no shouldering or other obvious
performance problems, the difference must be ascribed to the overall design of the two types of
armor. That is to say, that the portion of the interaction associated with the vests must be due to
torso movement problems and not to restrictions involving shouldering or reach.

Further, the differences that exist are subtle and may have no practical significance.
inspection of the mean times to fire for the two groups, by targets, shows a range of differences
from .14 seconds to .01 second (Fig. 7). The maximum difference may have practical
significance, but it is difficult to relate one-hundredth of a second to any behavioral event except
an eye blink., Additionally, the accuracy of measurement of such small time differences is
questionable. On the other hand, it seems reasonable to assume that an infantryman would
appreciate any advantage under battlefield conditions.

Figure 7 also depicts the relationship between hit probability and mean time to fire for the
two groups. In general, the USMC group required more time to achieve a lower hit probability.
This is not a statistical finding, but it becomes obvious ‘rom inspection of the curves. In fact, the
overall mean time to fire a given round was 1.61 seconds for the USMC group and 1.54 se